Abstract: Amenity value of water resources has become a major driving force of recent population growth in the region centered on Coeur d'Alene Lake in northern Idaho, USA. Despite regulatory measures aimed to protect lake water quality, surface water quality is increasingly threatened by lakefront development and invasions of Eurasian watermilfoil (Myriophyllum spicatum), a non-indigenous aquatic plant species. We used hedonic modeling to estimate the effects of ambient water quality and the presence of Eurasian watermilfoil on lakefront property values of single-family homes in the Coeur d´Alene area. We find that property values are positively associated with Secchi depth (a proxy of water quality or clarity), and negatively related to the presence of watermilfoil. Results of spatial regime analysis indicate the geographical variations of these associations. The presence of watermilfoil was related to a 13% decline in mean property value, corresponding to $64,255 USD, on average, lower property sales price. Our study demonstrates that proactive mitigation approaches to cope with potential environmental degradation in lake ecosystems could have significant economic benefits to owners of lakefront properties and local communities.
Introduction
In the United States (U.S.), the Federal Pollution Control Act of 1948, amended in 1972 and commonly known as the Clean Water Act (CWA), is the primary federal law governing water pollution [1] . Under this law, billions of dollars have been directed to improve and protect water quality; however, today nearly 50% of rivers and streams, and 66% of lakes and reservoirs are still considered impaired for one or more uses [2] . Another major expenditure of protecting water quality and the health of lake ecosystems is associated with the control of non-native aquatic plants and animals [3] [4] [5] , as invasive species often reduce biodiversity in lake ecosystems and contribute to decreases of recreational values and aesthetics of water bodies [6, 7] .
Eurasian watermilfoil (Myriophyllum spicatum, and milfoil hereafter) is a submersed aquatic plant native to Europe, Asia and northern Africa that now occurs in countless lakes across North America, and is present in all U.S. states [4] . The plant has feather-like leaves arranged in whorls (circles) on the stem and 12 to 21 pairs of leaflets per leaf [8] . It grows from the lake bottom in depths of approximately 2 m (6.5 ft) to the surface, then branches and grows immediately under the surface at prolific rates which creates dense aggregations that interfere with other plants [8, 9] and recreational researchers have employed hedonic modeling to quantify the economic impacts of milfoil infestations with respect to property values [3, 4] . For example, Zhang and Boyle [4] found that the presence of milfoil in five Vermont lakes (USA) was directly associated with reduction in property values by <1% to 16%, depending on the level of infestation. In northern Wisconsin, similar economic effects were reported for 170 lakes; lakefront property values in these rural and recreational areas can decline by approximately 8% after milfoil invasion [5] . It should be noted that these studies were focused on rural properties where the majority of houses were vacation homes. However, Olden and Tamayo's [3] study in King county, Washington, indicated that average property values were 19% lower around lakes with milfoil than lakes without. Additional research efforts are needed to evaluate economic impacts of water quality or clarity and milfoil infestations in lake ecosystems that have experienced rapid population growth and urbanization.
Methodology

Study Region
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Study Region
Our study region extends from the downtown Coeur d'Alene lakefront to the rural area of Kootenai County, Idaho and its administrative boundary with Benewah County, Idaho ( Figure 1 ). Lakefront development is spread around different bays and the shoreline of the lake, and is intersected by state highway 95 (north-south) and Interstate 90 (west-east) [4, 5] . Specifically, the bays throughout Kootenai County are located along a distinct north-south urban-rural land use gradient. The city is named after the Coeur d'Alene people, an indigenous tribe living along lakes and rivers of the region, first encountered by French fur traders in the late 18th and early 19th century [36] . The Tribe and IDEQ are the governing entities responsible for lake water quality, while Kootenai County exercises land-use planning authority for the majority of the lakefront development. Mining for lead and silver was a major economic driver of local development in the Coeur d'Alene area until the 1980s when the Bunker Hill mining district on the lake's Coeur d'Alene River tributary and areas downstream-including the bed of Coeur d'Alene Lake was listed on the National Priority List for remediation and restoration under the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA -Superfund) [37] . The Tribe owns and protects water quality in the southern third of the lake (Figure 1 ), while IDEQ is responsible for lake water quality in the northern part. The mission of each governing entity-State, Tribe, County-differs distinctly; the Tribe is focused on protecting the lake as its cultural heartland; IDEQ is attempting to meet its obligations under the CWA; and county government is focused on economic development and the protection of private property rights. The geographical and multi-jurisdictional settings in the region distinguish our work from other similar studies that primarily focused on lakefront properties (mostly vacation homes) in rural landscapes and lakes governed by unified or aligned entities.
Data
IDEQ and the Tribe provided data on the water quality of Coeur d'Alene Lake for the period 2010-2014. Consistent with previous investigations and for the ease of interpretation [3, 14, 30, 33] , water quality was proxied by Secchi depths collected during the summer months from 22 IDEQ monitoring stations throughout the lake. Milfoil data were obtained from a 2014 summary report published by Avista Corporation, which included a comprehensive survey of the occurrence of milfoil in Coeur d'Alene Lake from 2010 to 2014 [23] . The exact date when milfoil invaded is unknown [2] . By overlapping the locations of lakefront properties and the spatial distribution of milfoil invasions, a dummy variable was derived as a proxy of presence/absence of milfoil in the nearest bays ( Figure 2 ). Mining for lead and silver was a major economic driver of local development in the Coeur d'Alene area until the 1980s when the Bunker Hill mining district on the lake's Coeur d'Alene River tributary and areas downstream-including the bed of Coeur d'Alene Lake was listed on the National Priority List for remediation and restoration under the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA -Superfund) [37] . The Tribe owns and protects water quality in the southern third of the lake (Figure 1 ), while IDEQ is responsible for lake water quality in the northern part. The mission of each governing entity-State, Tribe, County-differs distinctly; the Tribe is focused on protecting the lake as its cultural heartland; IDEQ is attempting to meet its obligations under the CWA; and county government is focused on economic development and the protection of private property rights. The geographical and multi-jurisdictional settings in the region distinguish our work from other similar studies that primarily focused on lakefront properties (mostly vacation homes) in rural landscapes and lakes governed by unified or aligned entities.
IDEQ and the Tribe provided data on the water quality of Coeur d'Alene Lake for the period 2010-2014. Consistent with previous investigations and for the ease of interpretation [3, 14, 30, 33] , water quality was proxied by Secchi depths collected during the summer months from 22 IDEQ monitoring stations throughout the lake. Milfoil data were obtained from a 2014 summary report published by Avista Corporation, which included a comprehensive survey of the occurrence of milfoil in Coeur d'Alene Lake from 2010 to 2014 [23] . The exact date when milfoil invaded is unknown [2] . By overlapping the locations of lakefront properties and the spatial distribution of milfoil invasions, a dummy variable was derived as a proxy of presence/absence of milfoil in the nearest bays ( Figure 2 ). We assessed the economic impacts of water quality and the presence of milfoil by comparing 614 lakefront property sale transactions of single-family houses during the period 2010-2014. Information on property sales and housing characteristics were gathered from transfer tax records held in the Kootenai County's Assessor's office. The data were geocoded and overlaid in ESRI ArcGIS 10.2.2 with shape files from the Assessor's office. Based on the Kootenai County Comprehensive Plan, lakefront properties were defined as properties within 152 m (500 ft) of Coeur d'Alene Lake that include lands directly adjacent to shorelines of the lake. The sale prices were deflated to 2010 dollars using the housing price index (purchase only) from the U.S. Federal Housing Finance Agency [38] .
Data included detailed property information, such as historical sale prices, date of construction, sizes of the structure and parcel, and the number of bedrooms and bathrooms, etc. which are summarized in Table 1 . The data used to describe the physical characteristics of the lakefront property included: a central air conditioning dummy (CENTRALAIR), number of bedrooms (BEDRM), number of full bathrooms (FULLBATH), number of half bathrooms (HALFBATH), the age of the house (HOMEAGE), and the total lot water frontage (LAKEFRONTAGE) ( Table 1 ). Locational characteristics included: distance to downtown Coeur d'Alene (DIS2CBD), distance to nearest highway (Idaho State Highway #95 or Interstate 90; DISTHWY), and proximity to the superfund site (DIST2MINING). The mean housing price of lakefront properties was approximately $500,000, while the most expensive house costs almost $5 million dollars. Water quality records in Coeur d'Alene Lake indicate the mean value of lowest Secchi depth in summer months was approximately 6 m (20 ft) during the study period with a range of 4-9 m (13-29 ft), indicating evident variations of water quality or clarity across different bays. Milfoil was observed in proximity to 143 out of the 614 lakefront property sales. 
Model Specifications
Rosen (1974) developed a hedonic pricing model for product differentiation based on the assumption that goods, such as houses, are valued for their utility-bearing attributes or characteristics [39] . The hedonic model was extended to applications in ecosystem service valuation ranging from air quality, water pollution, and landscape aesthetics provided by public lands and water resources [40] [41] [42] [43] . In the hedonic model, a house is seen as a bundle of characteristics of the goods, and the property value can be used to gauge the values of these environmental goods and services like amenities and dis-amenities that are commonly not priced independently in the market [44] . In this study, a semi-logarithmic functional form was used to estimate the hedonic price function expressed as:
where SP i is the assessed price of the i th property in 2010 dollars; β 0 , β 1 , β 2 , r 1 , and δ 1 t are fitted constants; Mil f oil i is the value for the presence of milfoil; WQ i is the log-transformed Secchi depth; X i represents property and locational characteristics; and T i,t refers to a set of time-series dummy variables. Secchi depth measurements were log transformed because people generally cannot perceive changes in water quality at deep compared to shallow depths [4, 30] . To quantify the impacts of milfoil presence and ambient water quality on lakefront property values, separate hedonic models were estimated for the variables pertinent to the presence of milfoil and ambient water quality (Models 1 and 2 in Table 2 ), and then a combined regression model including both variables was run (Model 3 in Table 2 ).
We then used a spatial regime analysis method (Equations (2) and (3)) to further investigate the spatial heterogeneity of the effects of water-quality and milfoil presence on lakefront property values and to explore possible interactions between the two water-quality related variables and the above mentioned geographical and jurisdictional divisions of the Coeur d'Alene Lake [45] . In Equations (2) and (3), the north-south division and the distinction between tribal and non-tribal jurisdictions in Coeur d'Alene Lake (see Figure 2) provided two samples, which allowed coefficients of the two water-quality related variables, i.e., Mil f oil i and WQ i , to vary across two different regimes (A and B): a regime of lakefront properties closer to the northern part of the lake that is administrated by IDEQ, and a regime of properties in proximity to the Coeur d'Alene reservation and tribal waters (Figure 2 ).
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Results
Estimation results for base models with all explanatory variables included in Equation (1) are presented in Table 2 . Akaike's Information Criterion (AIC) and Schwartz's Bayesian Information Criterion (BIC) statistics were employed to compare models' goodness-of-fit balanced with model parsimony. Coefficient estimates associated with the variables used to describe property characteristics (LNLIVING, LNLOT, FULLBATH, HALFBATH, and LAKEFRONTAGE) were significantly related to property values ( Table 2) . Coefficients of living area (LNLIVING), lot size (LNLOT), and numbers of full/half bath rooms (FULLBATH and HALFBATH) were significant and positive in all models. LAKEFRONTAGE coefficients indicated an evident price premium for more frontage on the lake, reflecting the unique structural attributes of lakefront properties; for a 3 m (10 ft) increase in lake-frontage, the property value can increase by approximately 3% (Table 2) . Notes: * Significant at 10% level, ** Significant at 5% level, *** Significant at 1% level. It should be noted that Ordinary Least Square (OLS) regression models could not control for spatially auto-correlated residuals that are prevalent in housing data which could bias coefficient estimates [14, 46] . Thus, we also estimated a set of spatial hedonic pricing models using spatial econometric techniques (e.g., spatial filtering) [47] for which results (available upon request) showed that spatial dependence in the data was moderate (Moran's I test for spatial autocorrelation in residuals generated values less than 0.09 in the three models). Therefore, applying advanced spatial econometrics was unnecessary in this study.
The sign of the coefficient estimates for the distance to downtown Coeur d'Alene was negative and significant, implying that a 10% decrease in distance from the downtown or central business district (CBD) can increase property value by 1%. In addition, with an increase in distance from the historical mining area (Bunker Hill) Superfund site of 10%, we may expect to see a 16% increase in the property value ( Table 2 ). As noted above, the lake is part of the Bunker Hill Superfund site, and other research has shown that living near mining districts within a Superfund site is deemed undesirable because of potential environmental hazards [37] . All year dummy variables were insignificant, which was unexpected given the fluctuations of housing prices during the study period (2010-2014). However, the negative coefficient for the dummy variables in 2011, 2012, and 2013, and the positive coefficient in 2014 might likely indicated the influence of economic swings during this period ( Table 2) .
The water quality coefficient (proxied by Secchi depth) was positive and significant (Model 1 in Table 2 ). This indicates that a 10% increase in Secchi depth can increase the lakefront property value by 2.2%. The milfoil dummy variable yielded significant negative coefficients (Model 2 in Table 2 ), indicating property value reduction of approximately 12.6%, which could be attributable to the presence of milfoil. These results empirically support the hypothesis that the presence of milfoil can significantly affect home buyers' willingness to pay, as milfoil infestation could easily be observed by potential market participants when visiting lakefront parcels.
As shown in Table 3 , several interesting findings emerged from the spatial regime analysis. First, AIC and BIC statistics suggested that models with the two spatial regimes were statistically superior to models without spatial regimes, but coefficient estimation with respect to locational
and structural characteristics of lakefront properties was largely consistent with the results of OLS models (Tables 2 and 3) . Second, the effects of water-quality and milfoil presence exhibited spatial heterogeneities, referring to the spatial variations in their associations with property values (Table 3) . The association between Secchi depth and lakefront property values was generally less sensitive to the north (IDEQ)-south (tribal water) division of the Lake, although the coefficient of Secchi depth was marginally significant in the model dedicated to the lakefront properties close to the tribal waters in the southern part of the Lake. The magnitudes of the two coefficients regarding Secchi depth suggest possible confounding effects of better access to urban amenities provided by the city center in the north and water-quality improvement (Table 3) . Third, the association between the presence of milfoil and lakefront property values was confined to the southern part of the lake (Table 3) . However, milfoil can propagate rapidly once established [48] , primarily through fragmentation, but also sexual means [49] , and could easily be spread by trailered boats and boating equipment [7, 50] to other parts of the lake, especially the north [23] . This would result in significant economic loss with respect to lakefront property values in the future. Notes: * Significant at 10% level, ** Significant at 5% level, *** Significant at 1% level.
The econometric results demonstrate the positive association between water quality and property values ( Table 2 ). These modeling results were used to further estimate the implication value or marginal willingness to pay (MWTP) of increased water quality and the aggregated benefits for all lakefront properties surrounding Coeur d'Alene Lake. Table 4 reports the property-value impacts from lake water quality in dollar terms, based on the coefficient estimates for the non-linear specification of the water quality variable (Model 3 in Table 2 ). Marginal values were computed, using the mean property values, for each of the five increments on Secchi depth (i.e., 4 Ñ 5, 5 Ñ 6, 6 Ñ 7, 7 Ñ 8, 8 Ñ 9). Marginal prices for increases in Secchi depth (a proxy of water quality) ranged from $14,127 to $27,096, corresponding to percentage increases in property values from 2.77% to 5.97% (Table 4) . Notes: mean property value = $509,962; these results are calculated based on Model 3 presented in Table 2 .
Marginal implicit prices were also estimated using mean lakefront property value for the presence of milfoil which revealed that the average lakefront property located along the shoreline in proximity to milfoil would sell for $64,255 less than one located along a shoreline without milfoil, all else being equal.
Conclusions and Implications
Despite the long and continued effort to regulate and control pollution from point and nonpoint sources via the CWA and expenditures to control the infestation and spread of aquatic invasive species, issues related to water quality and lake ecosystems remain an important public concern in the U.S. Our research quantified the association among water quality (as proxied by Secchi depth), an aquatic invasive plant species (milfoil), and lakefront property values in the Coeur d'Alene region of northern Idaho. In general, our results demonstrate a positive association between water quality and lakefront property values, which could be used to incentivize private property owners to contribute to programs that maintain high water quality in the lake. Our study also suggests that the amenity value of the water body with respect to property value can diminish by approximately 13% with the presence of milfoil. This result corroborates recent public survey and opinion polls in the Coeur d'Alene area that indicate residents are concerned about the invasion of milfoil [23] . By taking into account the geographical and jurisdictional settings in the region, the results of spatial regime analysis further revealed the geographical variations of the economic impacts of ambient water quality and the presence of milfoil on lakefront properties (Table 3) .
The study has specific implications for management strategies in Coeur d'Alene Lake and other lakes facing rapid amenity-driven lakefront development and, at the same time, potential environmental degradation. First, declining water quality and increased invasion of aquatic plants may result in a decrease in lakefront property values. Thus, it is critical that the economic benefits of maintaining high water quality be included in land-use planning decisions and stakeholder engagement. For instance, the funds committed to the removal of milfoil in the more infested Tribal waters in the southern third of the lake is about $140 thousand each year [51] . Failure to control milfoil in Tribal waters may speed spread to non-Tribal waters closer to the urban center. Our study indicates that the total reduction of lakefront property values due to the possible spread of milfoil infestation into the northern part of the lake could amount to $257 thousand annually (using a 5% discount rate). Hence, our study may help the efforts to protect water quality and prevent the potential spread of milfoil be funded and supported by owners of private lakefront properties. Second, given the unique jurisdictional framework in Coeur d'Alene Lake, the effort to protect water quality and sustain the Coeur d'Alene Lake ecosystem needs to holistically integrate land-use policy, natural resource management, and interests of multiple stakeholders, including the IDEQ, the Tribe, the county government and lakefront property owners.
Lastly, the research could be further improved in several aspects. First, the milfoil dataset we used did not have information about a 'severity' of invasion. Incorporating more detailed information about the infestation of milfoil could help better understand economic impacts of invasive aquatic species and potential changes in water quality associated with them [4] . Second, the presence of milfoil concentrates in the southern part of the study area, which overlaps with shallower water depth, and previous studies found that milfoil is most successful in shallow waters [52] . Thus, the potential economic impacts of milfoil invasions could be overestimated, as deeper water in the northern lake may preclude milfoil establishment. Future hedonic analyses could include physical limnology interaction terms to guard against potential spurious correlations related to lake morphometry and water depths. Furthermore, studies have found that the presence of milfoil or other submerged vegetation or seagrass actually increase water clarity by physically baffling and reducing water velocity, which enhances depositions of particles and increases the flux of suspended sediment from the water column to the benthos [53, 54] . Unfortunately, water-clarity or quality data used in this research were gathered from monitoring stations in the centers of lakes or bays, while milfoil surveys were focused on nearshore areas. Potential interactions between milfoil invasion and water clarity deserves more nuanced investigations when data appropriate for such an analysis becomes available. Third, additional research is needed to advance our understanding about how water quality-related issues may potentially associate with non-lakefront property values, and economic development in the region as a whole [31] .
